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Claims 

[ci] A method of fabricating a gate electrode for a semicon- 
ductor comprising tlie steps of: providing a substrate; 
providing on tlie substrate a layer of a first material of 

thickness t , the first material being selected from the 
P 

group consisting of Si, Si -Ge alloy, Ge and mixtures 

l-X X 

thereof and a layer of metal of thickness t ; and anneal- 

m 

ing the layers, such that substantially all of the first ma- 
terial and the metal are consumed during reaction with 
one another. 

[c2] The method of claim 1 wherein the metal is selected 

from one of the group consisting of Ni, Pd, Pt, Co, Ti and 
alloys of these materials including Ni-Pt, Ni-Pd, Ni-Co. 

[c3] The method of claim 1 wherein the first material layer is 
applied to the substrate and the metal layer is provided 
on the first material layer. 

[c4] The method of claim 1 wherein the thicknesses t and t 

p m 

are related by a predetermined ratio of t /t . 

m p 

[c5] The method of claim 4 wherein the ratio of t /t is de- 

m p 

termined by the particular first material and metal to be 
annealed. 



[c6] The method of claim 1 wherein annealing is performed 
at temperatures ranging from 300 to QOO'C. 

[c7] The method of claim 1 further comprising the step of 
depositing a further layer of metal on the gate electrode 
to increase gate thickness. 

[c8] The method of claim 7 comprising forming source/drain 
contacts simultaneously with the gate electrode. 

[c9] The method of claim 8 wherein as much as 5% of one of 
the first material and the metal remains following reac- 
tion with the other of the metal and the first material. 

[ciO] The gate electrode for a semiconductor device compris- 
ing a substrate and a gate layer thereon formed by the 
annealing of a first material with a metal, substantially all 
of the first material and the metal having been con- 
sumed during reaction with one another, the resultant 
layer comprising the gate electrode. 

[cii] The gate electrode of claim 10, wherein the metal is se- 
lected from one of the group consisting of Ni, Pd, Pt, Co, 
Ti and alloys of these materials including Ni-Pt, Ni-Pd, 
Ni-Co. 

[ci2] The gate electrode of claim 10, wherein the first material 
is selected from the group consisting of Si, Si Ge al- 



loy, Ge and mixtures thereof. 

[ci3] The gate electrode of claim 10 wherein as much as 5% of 
one of the first material and the metal remains following 
reaction with the other of the metal and the first mate- 
rial. 

[ci4] The gate electrode of claim 13, wherein a layer of metal 
is provided on the gate layer. 

[ci5] The gate electrode of claim 10 wherein the gate elec- 
trode is incorporated in a CMOS semiconductor device. 

[ci6] A method for forming an integrated circuit comprising: 
providing a substrate; 

depositing an amorphous polycrystalline first layer on 
the substrate, the first layer comprising a material hav- 
ing a work function close to the mid-gap of silicon band 
gap; 

patterning the first layer to form a gate electrode of a 
transistor and forming first and second diffusion regions 
of the transistor; and 

wherein the material of the first layer reduces problems 
associated with inversion and agglomeration associated 
with formation of the transistor. 

[ci7] The method of claim 16 wherein: 

patterning the first layer comprises forming gate elec- 



trodes of at least a first PMOS transistor and a first NI\/IOS 
transistor to form a CI^OS integrated circuit; and 
tlie material of the first layer comprises silicon, germa- 
nium, alloys or a combination thereof, including Si^ ^Ge 

■ 

X 

[ci8] The method of claim 16 wherein the material of the first 
layer comprises silicon, germanium, alloys or a combina- 
tion thereof, including Si Ge . 

1-x X 

[ci9] The method of claim 16 further comprises: 

depositing a metal layer over the substrate after the gate 
electrode and diffusion regions of the transistor are 
formed; and 

processing the metal layer to cause a reaction between 
the material of the first layer and metal layer such that 
substantially all the material of the first layer and portion 
of the metal layer over the first layer are consumed. 

[c20] The method of claim 19 wherein processing the metal 
layer comprises annealing or rapid thermal annealing. 

[c2i] The method of claim 20 wherein unconsumed first layer 
is less than or equal to 5% and unreacted metal layer is 
less than or equal to 10%. 

[c22] The method of claim 19 wherein the processing the 

metal layer also forms silicide over the diffusion regions. 



[c23] The method of claim 22 wherein processing the metal 
layer comprises annealing or rapid thermal annealing. 



[c24] The method of claim 23 wherein unconsumed first layer 
is less than or equal to 5% and unreacted metal layer is 
less than or equal to 10%. 

[c25] The method of claim 19 wherein a metal material of the 
metal layer comprises Ni, Pd, Pt, Co, Ti, or a combination 
or alloys thereof including Ni-Pt, Ni-Pd, and Ni-Co. 

[c26] The method of claim 25 wherein the processing the 

metal layer also forms silicide over the diffusion regions. 

[c27] The method of claim 26 wherein processing the metal 
layer comprises annealing or rapid thermal annealing. 

[c28] The method of claim 25 wherein processing the metal 
layer comprises annealing or rapid thermal annealing. 

[c29] The method of claim 19 wherein the first layer comprises 

a first thinkness t and the metal layer comprises a sec- 

p 

ond thickness t , and wherein a minimum of a ratio of 

m 

the first and second thickness t /t results in consump- 

p m 

tion or substantially the first and metal layers during 
processing of the metal layer. 

[c30] The method of claim 29 wherein processing the metal 



layer comprises annealing. 



[c3i] The method of claim 29 wherein the processing the 

metal layer also forms silicide over the diffusion regions. 

[c32] The method of claim 31 wherein processing the metal 
layer comprises annealing or rapid thermal annealing. 

[c33] The method of claim 19 further comprises etching re- 
maining portion of unreacted metal layer above the gate 
electrode after processing the metal layer. 

[c34] The method of claim 33 wherein processing the metal 
layer comprises annealing. 

[c35] The method of claim 34 wherein the processing the 

metal layer also forms silicide over the diffusion regions. 

[c36] The method of claim 35 wherein processing the metal 
layer comprises annealing or rapid thermal annealing. 

[c37] The method of claim 19 wherein the first layer comprises 

a first thinkness t and the metal layer comprises a sec- 

p 

ond thickness t , and wherein a minimum of a ratio of 

m 

the first and second thickness t /t results in consump- 

p m 

tion or substantially the first and metal layers during 
processing of the metal layer. 

[c38] The method of claim 37 wherein processing the metal 



layer comprises annealing. 

[c39] The method of claim 37 wherein the processing the 

metal layer also forms silicide over the diffusion regions. 

[c40] The method of claim 39 wherein processing the metal 
layer comprises annealing or rapid thermal annealing. 

[c4i] An integrated circuit comprising a transistor having a 
gate electrode and first and second diffusion regions 
wherein the gate electrode is formed from an amorphous 
polycrystalline first layer comprising a material having a 
work function close to the mid-gap of silicon band gap, 
the material reduces problems associated with inversion 
and agglomeration associated with formation of the 
transistor. 



